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SOLUBILITY AND ELECTROPHORETIC STUDIES OF THE 
PROTEIN DEPOSITED DURING OOCYTE DEVELOPMENT 

IN LEUCOPHAEA MADERAE (FAB. ) 

I. INTRODUCTION 

The most obvious aspect of ovarial maturation is the rapid growth 

of the oocyte due to yolk deposition, consequently the study of the 

control of maturation has been largely a study of the control of the 

synthesis and uptake of the yolk material. The large volume of yolk 

material added to the oocyte in the brief period of vitellogenesis 

coupled with a low ratio of nuclear to cytoplasmic material in the 

oocyte suggests that at least part of the yolk material must be syn- 

thesized at an extra -ovarian site (1). 

In many species of insects, hemolymph protein concentration 

begins to rise after the imaginal molt and reaches a peak during 

vitellogenesis (8, 9, 10, 18, 25, 27, 37). Comparison of the hemo- 

lymph proteins with proteins from oocytes have in some cases 

shown a specific protein which appears in the hemolymph only 

during egg formation and which also is found in the yolk (13, 40). 

Evidence exists in many species which gives strong support to the 

hypothesis that a large portion of the yolk is constituted of hemo- 

lymph proteins which have been incorporated into the oocyte by the 

process of pinocytosis (40). 

The first evidence of the significance of hormonal control in 
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oocyte maturation was demonstrated by Wigglesworth in 1936 (46). 

When he removed the corpora allata from Rhodnius, the oocytes did 

not develop, but when the allata were reimplanted, oocyte develop- 

ment was resumed. Pfeiffer (30) in experiments with grasshoppers, 

demonstrated a similar role for the allata in the Orthoptera. 

It has been suggested that the hormone of the corpora allata 

stimulates the development of the oocytes by inducing the synthesis 

of yolk proteins (25, 42, 43). However, some investigations have 

indicated that protein synthesis is regulated by secretions of the 

neurosecretory cells in the brain and it has been proposed that the 

hormones of the corpora allata are instrumental in initiating pino- 

cytotic activity of the oocytes (15, 16, 18, 26). 

A considerable advance in the understanding of hormonal con- 

trol of ovarian development could be made if it were possible to 

study the control in terms of the synthesis of specific proteins. 

This approach requires that a sufficient number of characteristics 

of one or more of the yolk proteins be known so that the presence of 

yolk proteins in extra - ovarian tissue could be conclusively estab- 

lished. 

The purpose of this paper is to present some specific informa- 

tion about the yolk proteins of Leucopheae maderae (Fab. ) in terms 

of solubility and migration during electrophoresis on polyacrylamide 

gels. 
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II. HISTORICAL REVIEW 

Morphology of the Ovaries of Insects 

Two types of ovaries are found in the insects; the meroistic type 

is characterized by the inclusion of a group of trophic cells called 

nurse cells while the panoistic type has no nurse cells. The mero- 

istic ovaries are further subdivided into teleotrophic ovaries which 

have the nurse cells at the anterior end of the ovariole with cyto- 

plasmic connections to each oocyte and into polytrophic ovaries which 

have the nurse cells joining the oocyte directly. Insect orders which 

have the polytrophic type ovaries are the Dermaptera, Siphunculata, 

Neuroptera, Mecoptera, Lepidoptera, Tricoptera, Diptera, Hymen- 

optera, and adephagous Coleoptera (21). The teleotrophic group 

consists of the Hemiptera and some Coleoptera (4). Those groups 

lacking trophic cells (panoistic type) are the older orders; 

Thysanura, Orthoptera, Odonata, Isoptera, and Plecoptera. 

The study of ovarian development has taken several approaches 

and has been carried out on all types of ovaries in many different 

species of insects. This diversity of methods and subjects has 

given rise to a large number of publications which have been reviewed 

extensively. Light microscope studies of ovaries using histochemical 

and histological staining techniques are extensive and have been 

reviewed by Bonhag (4). In addition, detailed information on 

oocyte ultrastructure has been collected recently by the use of 
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the electron microscope (1, 34, 38). The general topic of repro- 

duction has been reviewed by de Wilde (48) and Davey (11) while 

more specific areas of hormonal control and reproduction were re- 

viewed by Wigglesworth (47) and de Wilde (49). Oogenesis in the 

cecropia moth has been reviewed by King and Aggarwal (21) and a 

general review of mechanisms of yolk formation was made by 

Telfer (40). 

In addition to the general review of the literature pertaining to 

ovarian structure and vitellogenesis in the class Insecta (4) more 

specific data on the panoistic type ovary which occurs in roaches 

is found in Bonhag's histochemical and histological analysis of the 

ovary of the Periplaneta americana (5). In this species one ovary 

consists of eight ovarioles each of which can be divided into six 

histological zones. The first zone is composed of the terminal 

filament, the second is the germarium, and the third contains pri- 

mary oocytes which have not oriented into a single line. The 

oocytes in the fourth zone are oriented in a single line and each is 

surrounded completely by a layer of follicle cells one cell thick. 

The fifth zone contains oocytes which are large and yolk -filled and 

the sixth zone is the pedicle. Each ovariole is covered by two 

sheaths; the inner sheath, the tunica propria, which is probably 

connective tissue and the outer ovariole sheath which is extensively 

tracheated (5). 
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According to Bonhag the primary cause of the extensive oocyte 

enlargement seen in zone four is synthesis of protoplasm. It is 

only in the posterior portion of zone four that an appreciable amount 

of deutoplasmic material begins to be added. The bulk of the deuto- 

plasmic material is added in zone five and upon completion of this 

step a chorion is secreted by the follicle cells (5). 

The growth of the oocyte can be divided into three periods. 

The first growth period occurs in the germarium and includes the 

first maturation division. The second period is manifested by 

nuclear and cytoplasmic enlargement with an increase of nucleo- 

protein and cytoplasmic RNA. The third and greatest period of 

growth is a result of the incorporation of the deutoplasmic yolk 

material. Bodies which are positive to the PAS stain appear at the 

cortex of the oocyte during this period. They are observed to grow 

in size and in number throughout the third period of growth. Histo- 

logical observations suggest their development may be mediated by 

the follicle cells (5). 

Anderson (1) has investigated the process of vitellogenesis and 

oocyte differentiation in the American roach by electron micro- 

scopy and has shown different stages of the pinocytotic process 

occurring along the outer surface of the oocyte. From his extensive 

study of the oocyte, he concludes that 
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"Yolk formation is independent of any cytoplasmic 
organelle system of the oocyte and that the precur- 
sors of this deutoplasmic substance are manufactured 
outside the ovary and are internalized by the pro- 
cess of pinocytosis. " 

These observations agree with those made by Telfer on ovaries of 

the cecropia moth (39). 

The research by Bonhag and Anderson cited above was carried 

out on the ovaries of P. americana. No similar research on L. 

maderae is recorded but since the two insects are related at the 

family level, the above work is cited with the acknowledgement that 

the same processes may differ in Leucophaea. Some differences 

in morphology exist between L. maderae and P. americana. An 

example is found in the relationship of the size of the terminal 

oocyte to the penultimate oocyte. In Periplaneta the two oocytes 

are more nearly the same size than in Leucophaea which often has 

a terminal oocyte as long as the rest of the ovariole. Another dif- 

ference is that the P. americana has eight ovarioles per ovary 

while the L. maderae has approximately twenty. 

Site of Synthesis of Yolk Protein 

The study of vitellogenesis can be grouped into at least four 

areas: the site of synthesis of yolk protein, the control of synthesis 

of yolk protein, the mechanism of deposition of yolk protein in the 

oocyte, and the control of deposition of protein in the oocyte. 



7 

An analysis of protein in the yolk of the cecropia moth indicated 

that some of the contents are the same proteins which are found in 

the hemolymph, but one of the proteins shows a large increase in 

relative concentration in the yolk (39). After proteins foreign to 

the moth were injected into the hemolymph, they were found to be 

deposited in the oocyte. These observations led to the hypothesis 

that the yolk protein is the product of extra-ovarian synthesis in this 

moth (39). As has been noted previously, electron microscopic in- 

vestigations seem to indicate that yolk formation is independent of 

any cytoplasmic organelle system in the oocyte of Periplaneta (1). 

Of the several tissues which have been suggested, most evidence 

supports the fat body as the site of yolk protein synthesis. The fat 

body was first demonstrated to be a site of blood protein synthesis 

in Bombyx mori (36) and later in silk moths (22) and blowflies (31). 

The incorporation of 14C- glycine into the fat body proteins of 

Schistocerca gregaria follows a cyclic pattern which can be corre- 

lated with the cycle of oocyte growth and neurosecretory activity 

(19). Additional evidence that the fat body is vitally linked with 

protein synthesis was given by the observation that allatectomy 

which interrupts the development of the oocyte is accompanied by 

hypertrophy of the fat body (26, 41). The rate of incorporation of 

14 C-glycine C- glycine into the fat body proteins of female S. gregaria is 

higher at the time of yolk deposition than at any other time (19). 
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There is also an increase in RNA in the fat body of Periplaneta during 

the time of vitellogenesis (26) giving further evidence that the fat 

body participates in yolk protein synthesis. 

Another tissue which has been implicated in the synthesis of 

yolk protein in the mosquito is the midgut. Data from electron 

microscopic investigation on Aedes aegypti (34) lead to the conclusion 

that the midgut is the tissue best equipped with the cellular machinery 

required for protein synthesis. Some preliminary radioautographs 

also give evidence of protein synthesis at this site. 

In Periplaneta the maximum RNA content in both fat body and 

midgut occurs during the period of greatest yolk deposition (26). 

Then the RNA content of both tissues drops to a minimum value 

upon the decrease in blood protein concentration and the completion 

of yolk protein uptake. These results were presented as evidence 

for both fat body and midgut activity in synthesis. An examination 

of the ultrastructure of both tissues revealed that the structures are 

consistant with this hypothesis (26). 

Control of Synthesis of Yolk Protein 

Control of synthesis of yolk protein may be associated with the 

medial neurosecretory cells of the brain. Cautery of the neu rosecre- 

tory cells in the brain results in a decrease in the hemolymph protein 

concentration in S. gregaria (18) and in Periplaneta (26). Highnam 
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(15, 16) found that cautery of the brain in S. gregaria prevented 

ovarian development,and implantation of brains in these cauterized 

animals resulted in some ovarian development. 

The corpora cardiaca have also been suggested as having a part 

in the control of synthesis (15, 16, 37), but this may be due only to 

their function as a release site for hormone produced by the neurose- 

cretory cells of the brain. Electron microscopic studies have been 

made on the corpora cardiaca (35) and the dual character of the 

corpora cardiaca as a site of storage and release of neurosecretory 

material and as an endocrine organ has been shown. Implantation of 

the full corpora cardiaca increased the hemolymph protein concen- 

tration in S. gregaria (18). 

The corpora allata were the first glands to be recognized as 

affecting the development of the oocytes (46). Further studies have 

shown an effect in the following roaches: Leucophaea maderae (35), 

Blatella (33), Diploptera (12), and Periplaneta (14). Stimulation of 

ovarian development may be caused by stimulation of yolk synthesis 

or stimulation of yolk uptake or both. Which of these effects the 

corpora allata controls is not clear. 

Some evidence which indicates that the function relates to the 

control of synthesis rather than uptake has been offered. Paper 

electrophoresis of Periplaneta hemolymph (25) showed four distinct 

bands, only one of which, the second band, was found in the egg 
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extract. This band did not develop if allatectomy was performed in 

the early adult stage, but accumulation of the band occurred in 

ovariectomized roaches and in those carrying ootheca. The conclu- 

sion was reached that the corpora allata initiate growth by making 

serum proteins available to the ovary. This seems to indicate some 

change in the synthesis of the protein. 

Autoradiographic analysis of the incorporation of radioactive 

leucine into the protein has been used to show the effect of corpora 

allata upon protein synthesis in Rhodnius (43). Allatectomy con- 

siderably reduced incorporation of labelled material into fat body, 

midgut, and ovary tissue. 

Allatectomy of the Periplaneta prevented the hemolymph protein 

level from reaching the level of a normal roach, while ovariectomy 

caused a rise in hemolymph protein concentration (42). Also alla- 

tectomized roaches exhibited a slower incorporation of labelled 

amino acids into the hemolymph protein than normal roaches. These 

data were interpreted to indicate that the corpora allata are involved 

in the control of the synthesis of the yolk protein. 

When considering the observed effects of different tissues in 

the neurosecretory system, it is important to remember that the 

neurosecretory functions of the brain, corpora cardiaca, and 

corpora allata are linked,and cautery or removal of one may be 

expected to affect the others. This reciprocal relationship between 



the components of the neuroendocrine system has been described in 

several articles (i7, 18, 23, 28). 

Mechanism of Deposition of Yolk Protein in the Oocyte 

Investigation of the uptake mechanism in the cecropia moth by 

means of fluorescent antibody techniques (41) showed that the hemo- 

lymph protein migrated intercellularly to the surface of the oocyte 

and there became associated with a brush border. Pinocytotic drop- 

lets were formed and these droplets joined to form the yolk spheres. 

This mechanism can be used to explain the selectivity which is ex- 

hibited in yolk protein uptake. 

Electron microscopic studies of Aedes aegypti (34) have shown 

that approximately 15 times as many surface pits occur on the 

oocyte surface during the period of yolk deposition as occur during 

the resting stage of the oocyte. These pits show such a great simi- 

larity in structure to vesicles located a short distance from the sur- 

face of the oocyte that the conclusion was reached that the vesicles 

are derived by pinocytosis. The data further indicated that the 

vesicles fuse to form the yolk spheres which were seen in light 

microscope studies of oocytes. 

Pinocytosis was shown to exist in the Orthoptera (i) by electron 

microscopic examination of P. americana vitellogenesis. Barbara 

Stay also has used the electron microscope to gather data on the 

11 
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protein uptake in the cecropia moth and has found that the fine struc- 

tural configurations were consistent with what would be expected in 

a pinocytotic process (38). Addition of ferritin to the hemolymph of 

a developing moth resulted in incorporation of ferritin into the pro- 

tein yolk spheres of the oocyte of the moth. 

Control of Deposition of Yolk Protein in the Oocyte 

As has been mentioned earlier, the role of the corpora allata is 

not completely understood. There is some evidence that it is 

associated with protein synthesis and some evidence that it is pri- 

marily concerned with the control of protein uptake by the oocyte. 

Evidence that the corpora allata hormone has control of the up- 

take in contrast to control of synthesis has been gathered in experi- 

ments with S. gregaria (17). The evidence is that the hemolymph 

protein concentration in allatectomized roaches remains higher than 

the hemolymph protein concentration in normal female roaches which 

are in the process of deposition of yolk in the oocyte. In S. gregaria 

high concentration of hemolymph protein has been correlated with 

active neurosecretory cells (15, 16). In the same animal cauteriza- 

tion of the neurosecretory cells resulted in low hemolymph protein 

concentration (18). Cautery of the neurosecretory cells was also 

shown to result in a decrease of hemolymph protein concentration 

in P. americana (26). Further experiments (26) showed that 
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protein uptake by the oocyte was initiated by the reimplantation of 

active corpora allata. These experiments indicating that neurosecre- 

tory cells control the synthesis would indicate that the initiation of 

oocyte development by the corpora allata is due to the effect of the 

corpora allata on the mechanism of protein uptake. 
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III. MATERIALS 

Buffalo Black NBR ( Amido Schwartz) and Sudan black B stains 

were obtained from Allied Chemical Corporation. The disc electro- 

phoresis apparatus and chemicals were obtained from Canal Industrial 

Corporation; Sephadex from Pharmacia Fine Chemicals, Inc. ; and 

the Nessler Reagent from Hartman Leddon Company. Distillation 

Products Industries were suppliers of practical grade 2- amino -2- 

methyl -l- propanol (monol) which was redistilled before use. 
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IV. METHODS 

Ovaries were dissected from the female roaches and measured 

using the calibrated eyepiece of the dissecting microscope. These 

ovaries were then placed on a watch glass on ice or homogenized 

immediately. 

Wet weights were determined in an analytical balance and 

homogenization was performed in a 5 -ml or 15 -ml Duall tissue 

grinder with a ground glass pestle. The solvents used were sodium 

chloride solutions of varying concentrations at a ratio of 20 ml sol- 

vent to one gram ovary. The ovary was thoroughly homogenized and 

the homogenate was transferred to a Corex glass centrifuge tube. 

Centrifugation was carried out in a Servall refrigerated centrifuge 

at 10, 000 RPM for 30 minutes in a model SS -34 head giving 12, 000 g 

RCF. The supernatant was removed by the use of a Pasteur pipette, 

using care to avoid the lipid layer on top, and used for analyses or 

stored for a short time in a test tube on ice. 

Total nitrogen was determined on aliquots of homogenate and 

again on the supernatant to give values for total protein and soluble 

protein. The aliquot was dried in a 10 -ml Kjeldahl flask in an oven 

at 105 + 3 
0 

C. Upon the completion of drying, 2 ml of digestion mix- 

ture containing a ratio of 54 ml water :35 ml sulfuric acid : 10 ml 

phosphoric acid : 0. 5 ml 20% hvpochloric acid were added. This was 
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heated on a digestion mantle until dense white fumes were given off. 

The digestion mixture was cooled and three to four drops of 30% 

hydrogen peroxide were added. The mixture was again heated until 

the solution became clear. The digested sample was then quanti- 

tatively transferred into a 100 -ml graduated cylinder and brought 

to a volume of about 40 ml with water. Two ml of 20% sodium ci- 

trate were added and after mixing,enough water was added to bring 

the total volume to 70 ml. Aliquots of this solution which contained 

50 -150 jig of nitrogen were taken and enough of a diluting solution 

(digestion mixture :20% sodium citrate : water:: 1: 1: 33) was added 

to bring the volume to 35 ml. Fifteen ml of Nessler reagent were 

added and the optical density was read in 15 minutes at 500 mp on a 

Beckman DU spectrophotometer. Solutions of ammonium sulfate 

were used to give values for the standard curve. 

Dry weights were determined by placing the ovaries on small 

tared watch glasses or Hengar boiling chips. These were heated in 

an oven at 105 + 3o C. until a constant weight was obtained. This 

usually took eight to ten hours. The Hengar boiling chips were used 

in preference to the small watch glasses when subsequent nitrogen 

analyses were to be made. In this event the boiling chip and ovary 

could be transferred as a unit to the digestion flask without loss of 

material. 

Electrophoresis was carried out using Canalco's premixed 
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solutions. Each column was polymerized in a glass tube 4. 6 mm 

(inside diameter) by 63 mm. This gave a gel column about 50 mm 

long and 4. 6 mm in diameter with approximately 43 mm of small 

pore ''separating gel" and approximately 7 mm of larger pore 

'spacer gel. ' A 15% acrylamide solution was made by mixing 

Canalco's Stock Solution A with an equal volume of Stock Solution C. 

The separating gel was formed by mixing a catalytic solution of 0. 14% 

ammonium persulfate with an equal volume of the 15% acrylamide 

solution. When this combination was added to a glass tube, the bot- 

tom of which was stoppered, chemical polymerization of a 7. 5% gel 

resulted in about 40 minutes. In order to allow the 7. 5% gel to poly- 

merize with a flat upper surface, a small volume of water was care- 

fully overlayered before polymerization. This .step transformed the 

miniscus of the 7. 5% acrylamide solution to a flat interphase. This 

water was shaken off after polymerization was complete and the 

spacer gel solution was formed by the addition of Canalco's Stock 

Solutions B, D, and E and an 8% solution of sucrose in water (1: 1: 

1 : 5) to the tube. Again water was overlayered and a seven and one - 

half watt ''lao :. e:cent lamp placed a few inches from the tube. Photo - 

polymerization was complete in 30 minutes. The tubes were re- 

moved from the base caps and inserted into the holders of the upper 

reservoir. The apparatus was taken into the cold room (40 C) and a 

0. 00495 M tris -0. 0383 M glycine buffer (pH 8. 4) was added to both 
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reservoirs. The samples were placed on the gels in a Sephadex- 

sucrose mixture made as follows: Grade G -200 Sephadex was 

equilibrated overnight in water. The water was decanted and the 

Sephadex resuspended in a O. 4 M sodium chloride -20% sucrose sol- 

ution. This mixture was stored in the cold. Two volumes of the 

Sephadex were mixed with one volume of the protein sample in a 

syringe and delivered under the upper buffer to the top of the gel 

column. The Sephadex- sucrose mixture prevented diffusion or 

convection of the protein sample into the upper reservoir buffer. 

In a few cases extremely small ovaries were crushed on Whatman 

filter paper and the spot punched out and inserted on top of the spacer 

gel. Although results were satisfactory, the amount of protein 

applied was impossible to determine. 

The current of three milliamps per tube was started immedi- 

ately after the addition of the samples and maintained until the front 

was approximately one centimeter from the lower end of the tube. 

This took an average time of about an hour. 

After the migration was complete, the gels were removed from 

the glass columns and fixed and stained for protein in a 1% solution 

of Buffalo Black NBR ( Amido Schwartz) in 7. 5% acetic acid for an 

hour or more. The stain for lipids was O. 1 gram Sudan black B in 

100 ml of 50% ethanol for several hours. Destaining was accom- 

plished by electrophoresing the Buffalo Black NBR stained gels in 
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7. 5% acetic acid at five milliamps per tube or by soaking those 

stained with Sudan black B in a 40% ethanol solution. 

The roaches were reared as reported by Chambers and Brookes 

(7). With this system adult female roaches were collected weekly 

and placed with an equal number of male roaches. Thus an adequate 

supply of egg - developing roaches was available. Furthermore, the 

approximate size of the ovaries could be estimated before dissection. 
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V. RESULTS 

Measurements of the terminal oocytes from 35 female roaches 

undergoing vitellogenesis showed a mean length to width ratio of 

3. 75 with a range of from 2. 92 to 5. 00. The ratio values of 5. 00 

were found in ovaries with terminal oocytes of 0. 75 -0. 83 mm length, 

i. e. , ovaries which were not yet in the process of yolk deposition. 

With this exception, there appears to be no significant change in the 

length to width ratio throughout the period of growth. 

If each oocyte is assumed to be a cylinder with hemispherical 

ends and the length -width ratio is constant throughout growth, the 

formula for the volume would be that of a sphere plus the volume of 

the remaining cylinder. This is 

4Trr3 2 

3 
+ Tr r (1-w). 

Since w = 2r, the formula can be condensed as follows: 

4 Trr 3 2 3- + Tr r (1-2r) 

2 -Trr2( 3 l- r 
+ l -2r) 

=Trr2 (1- 3r) 

When the length- width ratio is 3. 75 the formula for the volume of the 

oocyte is found as follows: 

Since 1- i 3. 75 : r = ----- and 
w 2r 'ï.5 

)2 (1- -) =0. 0509 13. V - Tr )(,,1) 

V = 

- 
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The curve of volume versus length which is shown in Figure 1 

is derived from this function. Also plotted on Figure 1 are the 

points which were found by the analysis of total nitrogen by the 

Kjeldahl method. Protein was assumed to contain 16. 7% nitrogen 

per dry weight as does hen's egg yolk (24, p. 763). Even though 

there is a considerable scattering of points they seem to coincide 

well with the length - volume curve of the cylinder after deposition 

of yolk has begun, and no discontinuity of protein uptake is indicated. 

The data of Figure 1 also show that the amount of protein in- 

creases from approximately O. 4 mg in the very early stages of 

development to 30 mg or greater in the mature pair of ovaries. 

The data presented in Figure 2 show that from 20% to 35% of 

the dry weight of the ovary consists of protein. Although the trend 

seems to be toward a lower percentage of protein per dry weight as 

the ovary grows, the data given are not sufficient to substantiate this 

conclusion. This trend would be expected if the protein is deposited 

at a more rapid rate early in the growth and the lipid is deposited 

more rapidly later in oogenesis. Evidence for this hypothetical 

sequence of deposition is not available. However, ovaries over 

about 4. 00 mm seem to have a more fatty appearance when they are 

being homogenized. Evidence that qualitative changes in the protein 

composition do occur during the growth period are presented in a 

later section. 
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Figure 1. The Relationship Between the Length of the Terminal Oocyte and the Total Protein 
of Ovaries. 
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Figure 2, The Proportion of Protein in Ovaries of Different Lengths. 
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When ovaries were homogenized in a series of solvents of dif- 

ferent ionic strengths using a ratio of 20 ml of solvent to one gram 

of ovary, about a 20 -fold increase in protein concentration was 

found between 0. 2 M sodium chloride and 0. 4 M sodium chloride. 

(See Table 1.) Concentrations of sodium chloride solutions up to 

1. 4 M were used and no significant increase in protein concentration 

was noted. 

Table I. The Effect of Sodium Chloride Concentration 
on the Extraction of Ovarial Protein. 

Ovary Length 
mm 

Protein Concentration 
0. 2 M NaCl 

mg /ml 
0. 4 M NaC1 

mg /ml 
3.85 0.37 
3. 92 0. 24 4. 64 
3. 92 6. 31 
4. 17 6. 14 
4. 17 4.02 
4. 17 5. 80 
4. 33 0. 27 
4. 33 0. 40 
4. 58 0.41 5. 69 

The percent of total protein which was extracted was determined 

and it was found that 80 -100% of the total protein from ovaries in the 

last two -thirds of development was soluble in 0. 4 M sodium chloride 

(Table 2). Some very low values were obtained with the smaller 

ovaries in O. 4 M sodium chloride solvents, while values very close 

to 100% were obtained more consistently with 1. 4 M sodium chloride. 
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Table II. The Efficiency of Different Concentrations of Sodium 
Chloride in Extraction of Ovarial Protein. 

0.4 M NaC1 Solvent 0. 8 M NaCI Solvent 1. 4 M NaCI Solvent 

Ovary 
Length 

mm 

Protein 
Extracted 

% 

Ovary 
Length 

mm 

Protein 
Extracted 

% 

Ovary 
Length 

mm 

Protein 
Extracted 

3.08 95. 1 

3. 33 43. 5 3. 33 98. 5 3. 33 101. 9 

3. 33 85. 5 3. 33 109. 1 

3. 33 91. 6 

3. 42 99. 0 3. 42 100. 0 

3. 50 36. 4 3. 50 99. 8 

3. 50 106. 0 3. 50 97. 1 

3. 50 88. 4 
3. 58 79. 0 

3.67 51. 9 

3. 75 51. 2 3. 75 77. 5 

3. 75 75. 9 

3. 92 84. 2 3. 92 85. 1 

3. 92 60. 5 3. 92 67. 0 

3. 92 104. 5 

4. 17 107. 8 4. 17 102. 8 
4. 17 94. 4 4. 17 100. 0 

4. 17 103.9 4. 17 102. 1 

4. 17 101. 6 
4.33 103. 0 

4. 33 98. 0 

4. 58 98. 0 4. 58 54. 5 

4. 58 88. 7 4. 58 82. 6 

4. 67 94. 2 4. 67 100. 0 
4. 75 96. 2 4. 75 83. 3 

4. 83 108. 5 

5. 00 88. 4 5. 00 103. 0 5. 00 88.8 
5. 00 98. 3 5. 00 102. 3 

5. 00 100. 0 

5.08 101. 8 5. 08 91. 4 
5. 08 101.0 

5. 58 97. 6 

% 
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We are unable to explain the low values obtained for smaller ovaries. 

Protein concentrations of 15 -20 mg/ml were obtained by homo- 

genation of the ovary in a pH 10.0 buffer made from 0.01 M citric 

acid and 0.06 M monol using a solvent to weight ratio of 10 ml per 

gram ovary. 

Electrophoresis has long been recognized as an effective method 

for separating ionic components from a mixture. The technique of 

using synthetic gels of a pore size which takes advantage of the 

effect of seiving at the molecular level has made high resolution 

possible. A technique called disc electrophoresis described by 

Ornstein (29) uses polyacrylamide gels as the electrophoretic 

medium. Since these gels are heat stable, transparent, mechani- 

cally strong, chemically inert, and can be made with the proper 

pore size, they are well suited for this purpose. 

Figure 3 depicts a typical protein pattern from a pair of nearly 

mature ovaries. The bands have been numbered for future refer- 

ence. 

The series of gels shown in Figure 4 is presented to show the 

changing protein composition of the ovaries during development. 

An equal amount of protein was used on each gel so differences in 

pattern reflect qualitative changes in the ovarial protein. Gels A, 

B and C show the pattern before vitellogenesis has begun. Gel D 

shows the first definite appearance of Band III and increase of this 
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Figure 3. The Typical Electrophoretic Pattern from a Mature Oocyte. 

The electrophoretic patterns from ovaries with terminal oocytes of 3 -5 mm 
length which have been homogenized in 0. 4 M sodium chloride solvent are 
somewhat variable, however the following six bands appear consistently: 

I. A dark slowly moving band which has a relative mobility of less 
than 0. 05. 

II. A dark band which is often partially masked by the trailings from 
Band III and occasionally seems to be completely absent. The relative 
mobility is between 0. 14 and O. 18. 

III. An extremely dense, wide band with about 0.33 to O. 35 relative 
mobility. This band appears when terminal oocytes are about 1.00 mm 
in length and the band dominates the pattern during the remainder of the 
oocyte growth. The leading edge of the band is sharp but the trailing 
edge often shows streaming. The width of the band approaches 20% of 
the distance from the origin to the salt front. 

IV & V. These bands are found only a short distance behind the salt front. 
Sometimes they are not separated from each other and form only one 
diffuse band. When two bands are formed, Band V is darker than Band IV. 
The relative mobility of Band V ranges from 0. 88 to 0. 99. 

VI. A rather sharp band which moves with the salt front. 

O 
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Figure 4. Electrophoretic Patterns of Soluble Proteins from Different Length Ovaries 
Homogenized in 0. 4 M Sodium Chloride. 

The sizes of the terminal oocytes are as follows: 

A. 0. 83 mm B. 0. 91 & 1. 00 mm 
D. 1.25, 1. 33, 1. 42 mm E. 1. 92 & 2.08 mm 

G. 3. 17 mm 
J. 4. 58 mm 

H. 3. 83 mm 
K. 4.83 mm 

C. 1. 08 mm 
F. 2. 50 mm 

I. 4. 17 mm 
L. 5. 00 mm 

The origins are at the top of the gels and the direction of migration is downward 
toward the positive electrode. 

The appearance and increase of Band III is shown when the terminal oocyte reaches 
a stage of growth characterized by lengths greater than about 1 mm. The appear- 
ance of Bands IV and V is shown as the terminal oocyte length exceeds about 3 mm. 
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band is obvious in gels D, E, and F. A small quantity of Band III 

seems to be present in Gel B even though both pairs of ovaries used 

in this preparation were smaller (O. 91 and 1.00 mm) than the pair 

of ovaries used for Gel C (1.08 mm) where Band III does not appear. 

It has been observed that when an average oocyte reaches about 

1. 00 mm in length, deposition of vitellogenic protein begins (7). It 

may be that one or both of the pairs of ovaries which were used for 

the protein sample on Gel B had already begun development and had 

deposited enough vitellogenic protein to produce Band III. Even 

though the ovaries used in Gel C were slightly larger than the 

average expected for onset of yolk deposition, protein deposition 

may not have started. This would explain the appearance of Band III 

in the slightly smaller oocytes and the lack of appearance of the 

band in the slightly larger oocytes. 

It can be seen in Gels D, E, H, and J that Band III is partially 

masking the appearance of Band II and perhaps others. These might 

be separated more effectively with gels of larger pore size or buffers 

of different pH. 

Gel G marks the appearance of two additional bands slightly 

behind the salt front. These bands appear consistently in all ovaries 

greater than 3. 00 mm in length. 

When nearly mature oocytes (4. 15 + 0. 40 mm) are homogenized 

in a series of different molarities of sodium chloride solvent, it is 
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found that 0. 4 M sodium chloride contains about 15 times more pro- 

tein than 0. 2 M sodium chloride. (See Table 1. ) The large difference 

in protein solubility observed between 0. 4 M sodium chloride and 

0. 2 M sodium chloride suggested a possible means of separation of 

some of the protein fractions. Samples of the soluble protein from 

nearly mature ovaries homogenized in these two solvent systems 

were analyzed on gel electrophoresis and the results are expressed 

in Figure 5, A -C. 

Further evidence of the ability to separate the primary yolk 

fraction by different ionic strength solvents was demonstrated by 

diluting the soluble protein in 0. 4 M sodium chloride with an equal 

volume of water. The preparation was centrifuged at 12, 000 g and 

the supernatant which was 0. 2 M in sodium chloride was subjected to 

electrophoresis. These results are shown in Figure 5 F. The pre- 

cipitate was redissolved in 0. 4 M sodium chloride and also subjected 

to electrophoresis. These results are shown in Figure 5 D and E. 

The electrophoretic patterns of proteins soluble in 0. 2 M sodium 

chloride are made up of several bands (Figure 5 B, C). A light band 

with the approximate mobility of Band I is present which may indicate 

that this protein is slightly soluble in 0. 2 M sodium chloride. A band 

also appears between Band I and Band III which does not seem to mi- 

grate as far as Band II in the 0. 4 M solvent system. A dark, sharp 

band with approximately the same mobility as the leading edge of 
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Figure 5. Differences in Electrophoretic Patterns between Proteins Soluble in 0. 2 M Sodium 
Chloride and Proteins Soluble in 0. 4 M Sodium Chloride. 

Samples were prepared as follows: 

A. Ovaries with 5,00 mm terminal oocytes were homogenized in 0. 4 M sodium 
chloride, centrifuged, and the supernatant used for the above analysis. 

B. Ovaries with 5.00 mm terminal oocytes were homogenized in 0. 2 M sodium 
chloride, centrifuged, and the supernatant used for the above analysis. 

C. Ovaries with 4. 92 mm terminal oocytes were homogenized in 0. 2 M sodium 
chloride, centrifuged, and the supernatant used for the above analysis. 

D. Ovaries with 4. 92 and 5, 16 mm terminal oocytes were homogenized in 0. 4 M 
sodium chloride and centrifuged. The supernatant was diluted with an equal 
volume of water and centrifuged. The precipitate was redissolved in 0. 4 M 
sodium chloride and used for the above analysis. 

E. Ovaries with 4. 58 mm terminal oocytes were homogenized in 0. 4 M sodium 
chloride and centrifuged. The supernatant was diluted with an equal volume 
of water and centrifuged. The precipitate was redissolved in 0. 4 M sodium 
chloride and used for the above analysis. 

F. Ovaries with 4, 92 mm terminal oocytes were homogenized in 0. 4 M sodium 
chloride and centrifuged. The supernatant was diluted with an equal volume 
of water and centrifuged. The supernatant was used for the above analysis. 

The origins are at the top of the gels and the direction of migration is downward 
toward the positive electrode. 
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Band III in O. 4 M solvent appears but it is difficult to reconcile these 

two bands because a characteristic of Band III is its diffuse appear- 

ance at low concentrations. This sharp band therefore may be the 

same protein as Band III with the sharpness due to the effect of the 

lower ionic strength solvent, or it could be a different protein which 

is masked in the O. 4 M solvent system by the heavy Band III. 

Slightly ahead of the sharp band is a light diffuse band whose physical 

appearance is much the same as Band III at low concent ration. 

Other variable bands appear between the salt front and the position of 

Band III. A highly stained background in this area makes the drawing 

of meaningful conclusions very difficult. A dark band occurs at the 

salt front which seems identical to Band VI. 

The pattern obtained with proteins precipitated from the super- 

natant of O. 4 M sodium chloride homogenate by the addition of an 

equal volume of water consisted of Bands I, II, and III. Band VI 

which runs with the salt front showed up very faintly in this prepar- 

ation (Figure 5 D, E). 

The pattern of the proteins soluble in 0. 2 M sodium chloride 

appeared the same if the samples were prepared by direct homo- 

genation in 0. 2 M sodium chloride, or if the samples were prepared 

by homogenation in 0. 4 M sodium chloride with subsequent dilution 

with an equal volume of water and separation of the insoluble material 

(Figure 5 B, C, F). The only noticeable differences were the reduced 
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background between Bands III and IV and the more definite appear- 

ance of Bands IV and V in the supernatant of the diluted O. 4 M 

sodium chloride preparation. 

It is of interest that the patterns from ovaries homogenized in 

O. 2 M sodium chloride (Figure 5 B, C) resemble those of pre - 

vitellogenic ovaries (Figure 4 A, B, C). This may indicate that much 

of the O. 2 M sodium chloride soluble material is structural material 

and not associated with the maturation of the ovary. 

The series shown in Figure 6 consisting of pairs of identical 

gels, one of which has been stained with a lipid stain and the other 

which has been stained with a protein stain, can be used to indicate 

which proteins may be lipoproteins, The sets of gels for the series 

were chosen to include ovaries which did not have Band III, and 

ovaries in which this band predominates. In the group stained with 

Amido Schwartz, Gel E is from an ovary with terminal oocytes of 

O. 83 mm; thus vitellogenesis has not begun and Band III did not 

appear. Gel F is from a combination of two ovaries which were 

very close to the average length at which vitellogenesis usually begins 

and a band which may be Band III is present. The vitellogenic pro- 

cess had definitely begun in the ovaries which were used for Gels G 

and H and Band III is obvious. 

In Gel A there are three very faint bands which may be associated 

with non -yolk lipids since the ovary was pre - vitellogenic. Gels B, 
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Figure 6. Comparison of Gels Stained for Protein with Gels Stained for Lipids. 

The sizes of the terminal oocytes of the ovaries used for the gels are as 

follows: 

A & E 

C&G 
0. 83 mm 
1. 25 & 1. 33 mm 

B&F 0.91 &1.00mm 
D&H 1.83mm 

H 

Gels A through D were stained with 0. 1% Sudan black B in 50% ethanol 
solution for several hours, then leached with 40% ethanol. Gels E through 
H were stained for an hour in 0. 1% Amido Schwartz in 7% acetic acid and 
were destained electrophoretically or by leaching with 7% acetic acid. 

The spacer gel remained on the tops of gels A through D but was removed 
from E through H. 
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C, and D show more distinct bands. In Gels C and D a band in the 

same position and with the same shape as Band III is stained by the 

lipid stain. This gives strong evidence that Band III is a lipo- 

protein. Another band is observed which has migrated about half of 

the distance from the origin to the salt front. This band is rather 

broad and does not seem to have a corresponding band in the gels 

stained for protein. However, the sensitivity of lipid stain relative 

to protein stain is unknown. A possibility is that the band is part of 

the lipid moiety which has partially dissociated from the lipoprotein 

fraction during electrophoresis. 
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VI. DISCUSSION 

During the development of the terminal oocytes in L. maderae 

the amount of protein in the ovary increases more than 70 -fold 

largely as the result of the deposition of yolk. This increase appears 

to take place without a discontinuity and when the amount of protein 

is plotted as a function of the size of the terminal oocyte, the resulting 

graph resembles that of the increase in volume of a cylinder the 

dimensions of which are in approximately the same ratio as those of 

the developing oocyte. 

However, there may be a small change in the amount of protein 

relative to the dry weight of the ovary which would indicate that 

several of the other components are not being synthesized or deposi- 

ted in the same continuous fashion. For the present purpose it is 

sufficient to know that the deposition of protein proceeds without a 

major interruption during the development of the oocyte. 

The yolk proteins were found to be very slightly soluble under 

conditions of ionic strength and pH which are usually considered 

physiological. At an ionic strength of 0. 4 more than 80% of the pro- 

tein was soluble. At low ionic strength a pH of greater than 9. 5 

was required to dissolve the protein. 

The requirement for high ionic strength in a solvent is more 

understandable when the high concentration of ions in insect 
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hemolymph is considered. The ionic strength of P. americana, 

calculated from the inorganic ions listed by Buck (6) gives a value of 

0. 173. Additional ionic strength is contributed by the amino acids 

which are present at about 50 times the concentrations found in 

human serum. The alkaline conditions which are required for solu- 

bility in a low ionic strength solvent are much different than those 

found in the roach. Therefore, studies must be made to determine 

what effect this high pH may have on the protein. 

Rapid oocyte growth begins when the terminal oocytes are about 

1. 00 mm long. Patterns from polyacrylamide gel electrophoresis 

show 12 or more bands in ovaries of about this length and only five to 

eight bands in a nearly mature ovary whose terminal oocytes are 

about 5. 00 mm long. The major change in protein during maturation 

which can be shown with the gel electrophoresis system used in these 

studies is the appearance of a dark band which increases throughout 

the maturation process until it accounts for 80% or more of the total 

protein. This band, Band III, was found to stain with Sudan black B 

which indicates that it is a lipoprotein. A second band which did not 

migrate as far as Band II stained in the same manner. A third band 

was stained by the Sudan black B but had no corresponding band when 

a protein stain was used. The lipid band may be formed as the re- 

sult of dissociation of the lipoprotein or it may be a lipid fraction 

from the oocyte. With the gel pore size and pH conditions used in 
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the electrophoretic procedure of these experiments, Band III cannot 

be resolved into a sharp band. When the amount of protein applied 

per gel is so small that only a faint band is visible, the band still 

appears as a broad diffuse band. 

Bonhag (5) reports yolk spheres in the terminal, penultimate, 

and smaller oocytes in Periplaneta. Using phase contrast optics 

we have examined the ovaries of Leucophaea and have observed what 

appear to be yolk spheres in the corresponding oocytes. These ob- 

servations are visual and cannot be correlated with our biochemical 

data at this time. 

Engelmann and Penney (13) have reported that saline soluble 

egg proteins make up only a small fraction of the total proteins of 

Leucophaea ovaries. The authors did not report the actual percen- 

tage of the proteins which were soluble or the ionic strength of the 

saline used; the composition of the saline solution is not readily 

available. The importance of ionic strength to solubility has been 

shown in this paper and the low solubility found in the saline solution 

of Engelmann and Penney may be due to low ionic strength. A second 

possibility is that the saline contains ions which reduce the solubility 

of the protein. When an extract containing the small percentage of 

protein which is soluble by the procedure of Engelmann and Penney 

is exposed to hemolymph serum antisera, five cross reactions occur 

indicating that five proteins from the ovary have closely related 
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counterparts in the hemolymph (13). This corresponds to a degree 

with our results from disc electrophoresis which show five to seven 

bands in the O. 2 M sodium chloride extract of the ovaries. The dif- 

ference in procedures makes further comparison of results difficult. 

The solubility characteristics and the presence of lipoprotein 

in the major protein fraction of L. maderae can be related to the 

yolk protein of the eggs of many diverse species of animals. Gross 

analysis of avian egg yolk (3) showed that seven different components 

are present. Of these, four are proteins (alpha, beta, and gamma 

livetin and phosvitin), two are lipoproteins with a structure com- 

parable to protein structure (alpha and beta lipovitellins), and one is 

a lipoprotein which appears to have a micellar structure (low density 

fraction or LDF). Several of the compounds have been shown to con- 

tain a carbohydrate moiety and no lipid appears to be "free" in a 

physical sense. The major proteins of hen's egg yolk are soluble 

in O. 2 M phosphate buffer solution (pH 6. 8) (32) which has an ionic 

strength very close to O. 4. The proteins were also shown to be 

soluble in alkaline solvents (pH 9. 4) of low ionic strength (.05) (32). 

A lipoprotein has been shown to be the major fraction in the frog's 

egg (44), the egg of rainbow trout (2), and in eggs from six decapod 

crustaceans, Pagurus pollicaris (hermit crab), Uca pugilator 

(fiddler crab), Sesarma reticulatum, Libinia cmarginata (spider 

crab), Homarus americanus (lobster), and Cancer irroratus (rock 
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crab) (45). 

As has been documented in the historical review, it is generally 

held that the yolk protein synthesis occurs at an extra - ovarian site 

and this protein is transported via the hemolymph to the ovaries 

where it is deposited by the process of pinocytosis. This sequence 

of synthesis, transport, and deposition is not limited to the Insecta 

but is also found in the chicken, frog and other organisms (20). If 

the protein is transported and deposited without chemical modifica- 

tion, the solubility and electrophoretic properties reported here can 

be used in the separation and characterization of this protein. If, 

however, the protein is altered during deposition by polymerization 

or combination with additional moieties such as lipids or ions, 

further studies will have to be made to characterize these combi- 

nations. 
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